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Abstract — In this paper we present a way of deciding which control law should operate at a time for a 
mobile walking robot. The proposed deciding method is based on the new research field, called 
Neutrosophic Logic. The results are presented as a simulated system for which the output is related to the 
inputs according to the Neutrosophic Logic. 
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The mobile robot control represents a real interest due to 
its industry applications, but also due to its ideas of using 
robots in households. Because of its complexity, one can say 
there are three major types of robot control [9]. The first one is 
formed out of the PID (proportional - integrative - derivative) 
control or PD (proportional - derivative) control[10 - 13], in 
which the tracking errors along with their integrative and 
derivative part are amplified with certain gain values and then 
given as input values to the actuation system. The second type 
of robot control laws is formed by the adaptive control [14- 
20], in which the control law modifies its parameters 
according to the robot and environment dynamics and also to 
compensate the outside perturbations. The thirst control law 
type is represented by the iterative control laws in which the 
motors torque is computed by summing in a certain way the 
previous torques [21 - 23]. Other methods of control include 
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Sliding Motion Control, Switching Control, Robust Control, 
etc. 

All these types of control mentioned, are very good for 
certain applications. This is why, if we can’t fit an application 
to a certain category for which, there are efficient control laws 
already made, then we need to design another control law for 
the robot. Another way is to use several control laws, each 
specialized for a certain task. But this is not possible unless 
you use a switching mechanism between the robot control 
laws. This is why, we need that the switching law used in 
selecting a different control law specialized for a certain task, 
and according to the wish of the designer/engineer and also 
according to different environmental factors given by sensors 
and transducers. 

In this paper, we presented a new method for deciding how 
to switch between several control laws, and in particular 
between a kinematic control law (a PID controller) and a 
dynamic control law (a Sliding Motion Control Law). These 
control laws that were used, were thought to be used for 
controlling a mobile walking robot, laws that have the 
objective of following as good as possible a given trajectory 
for the robot foot. 

This new switching method, is based on the new scientific 
area called Neutrosophy[7] and more precise on its derivate 
Neutrosophic logic. The neutrosophic logic was applied by 
using the classic Dezert- Smarandache [8] theory, but also the 
research of Smarandache and Vladareanu [6]. By making a 
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simulation of the conditions encountered by a walking robot 
foot, in Matlab Simulink, we could observe how the switching 
technique behaves, compared to a classic fuzzy switching 
method. 

n . . Asm d beeaI qMi A$3- 4 

The neutrosophic logic is a generalization of fuzzy logic. 
In neutrosophic logic a statement is t% true, f% false and i% 
indeterminate, and t, f, i are real values taken from the sets T, 
F, I. These three sets can be of any form and the sum = t+f+i 
has no restrictions. Neutrosophic logic is related to other 
logics through the true and false parameters but it introduces 
the percentage of indeterminacy which expresses the 
percentage of unknown parameters or states [7]. 

If we choose U to be a universe of discourse, and M a set 
included in U, then an element x from U is noted with respect 
to the set M as x(T,I,F) and belongs to M in the following 
way: 

x is t% true that it is in the set M 
x is i% indeterminate that it is in the set M (the 
value of unknown) 
x is f% false that it is in the set M 

where the value of t varies in T, the value of i varies in I 
and the value of f varies in F[8]. 

A distinctive part of DSmT (Dezert Smarandache Theory) 
is the notion of hyper-power set. Let 0={0i,...,0 n } be a finite 
set of “n ” exhaustive elements. Then the DSmT hyper-power 
set D 0 is defined as the set of all composite propositions built 
from elements of 0 with the operators u and n such that [8]: 

1. <|), 0!, 6 n eD® 

2. If A, Be D®, then AnBe D® and AuBe D® 

Within the same set 0 and with m(-) : D @ — » [0, l] we 

have: 

m(0)\Oand X m(A) = 1 (1) 

AeD & 

where m(A) is called the generalized basic belief 
assignment or mass (gbba) of A[8]. 
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By using the belief function 
Bel{A)= X m(B) 

BcA W 

BeD 0 

associated with two sources (observers) irqC) and m 2 (.) we 
can define the classic DSm rule of combination: 

VCzD\m M {C) = m{C)= Z Q n h (A)-m 2 (B) 

v ’ a,b^d @ y^J 

Ar\B=C 

Since D 0 is closed under the set operators u and n this 
Dezert- Smarandache rule of combination guarantees that m(.) 
is a proper belief mass. Meaning that m( ):D e — > [0,l] . The 

rule of combination described is commutative and associative. 
Also one can extend the rule for as many sources as required. 

in. ! bob gcfcAi Ados d beer! qa 
d AxAeb co m ak;n \ da i 

For the walking robot kinematic structure, one can imagine 
any kind of biped or hexapod structure, for it doesn’t affect the 
neutrosophic decision making. Bearing this in mind, we have 
simulated the approach of the robot foot to the support surface 
through a well thought sine signal. By knowing where the 
support surface is at, we could say if the robot foot is near the 
surface, or is in contact with it. According to this distance we 
could compute the contact force between the robot foot and 
the contact surface / ground. 

Having simulated these two sensors, we have chosen these 
two as our two observers for the Neutrosophic computations. 
Knowing this, we defined in figure 1, the basic diagram of 
how the neutrosophic logic is applied. Also we need to specify 
that the decision will be made between two control techniques 
for the walking robot leg control. These two control laws were 
chosen to be based on motion control for the foot trajectory. 
One will be based on a dynamic control law and the other will 
be based on a kinematic control law. Also, the two control 
laws were not implemented, but were only used in presenting 
the neutrosophic decision. 




Fig. 1 Neutrosophic logic applied for two observers 



As one can see, the first part of the neutrosophic diagram 
is formed from the two observers which we have chosen as the 
Proximity and Force sensors. After that, there is a stage of 



Neutrosophication in which the sensors values are converted 
as in fuzzy logic, into values from the interval [0,1]. 

For the neutrosophication stage, we have to bear in mind 
that the neutrosophic logic has functions that work with values 
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of Truth, Indeterminacy and Falsity. Because of this, we’ll 
have similar to a fuzzification graph, three signals of Low, 
Medium and High areas, which are attributed to the 
percentages of Truth, Indeterminacy and Falsity according to a 
specific statement for each sensor. 

For the proximity sensor, we have the member function in 
figure 2, in which one can see the three Low, Medium and 
High values. These three values correspond to the percentage 
values of truth, indeterminacy/unknown and falsity for the 
dynamic and kinematic control in the following manner (table 
1 ). 



TABLE I. Neutrosphication correspondence of fuzzy values 

FOR THE PROXIMITY SENSOR 



Control 

type 


Low 


Medium 


High 


Dynamic 

Control 


Truth 

percentage 


Indeterminacy/unknown 

percentage 


Falsity 

percentage 


Kinematic 

Control 


Falsity 

percentage 


Indeterminacy/unknown 

percentage 


Truth 

percentage 



For the force sensor diagram, we’ll have a slightly 
different correspondence (table 2): 



TABLE II. Neutrosphication correspondence of fuzzy values 

FOR THE FORCE SENSOR 



Control 

type 


Low 


Medium 


High 


Dynamic 

Control 


Falsity 

percentage 


Indeterminacy/unknown 

percentage 


Truth 

percentage 


Kinematic 

Control 


Truth 

percentage 


Indeterminacy/unknown 

percentage 


Falsity 

percentage 



For these two member functions, one can see that in 
figures 2 and 3 we have a threshold for the sensor values 
according to which, the values of the neutrosophication are 
directly influenced. This threshold is chosen according to the 
application in which the neutrosophication logic is used and is 
also adjusted by trial and error after seeing the experimental 
data. 




Fig.2 Neutrosophication for the Proximity sensor data 



Therefore, when the robot foot is in contact with a support 
surface, it means that the proximity sensor will provide a 0 
value or one very close to it, and it also means that the force 



transducer should provide a value higher than the set 
threshold. 




Knowing these facts we developed the neutrosophic 
switching block control based on the theory presented in this 
paper, and its results are discussed in the next chapter. Also, 
we used a classic fuzzy control so we can compare the results 
obtained to a very common and known switching design. 

iv. 2MiidBiAi Aa i aocb i 

To prove the validity of our proposed switching technique 
we developed a simulated system in Matlab Simulink, in 
which we built two loops one for the Neutrosophic logic and 
one for the Fuzzy logic so we can compare the results. Thus, 
figure 4 presents the switching system. 

In the presented diagram of figure 4, one can identify the 
block that defines the reference values, made out of the robot 
vertical position, its foot position according to the distance 
between the robot platform and foot, and the third reference 
signal is the one that defines the ground position. The second 
diagram bloc, named Sensors computes the reference data and 
provides to the decision making block the values of force and 
proximity which in a real system would be provided by two 
real sensors. 

By using the sensor data, we have defined two switching 
blocks. The first one is called Neutrosophic Decision Control 
and was made using the data presented in this paper, and the 
second one, is called Fuzzy Decision Control and was made 
using a simple fuzzy rule which was not presented because is 
not this paper objective, but was used to compare the final 
results. The output data was plotted to observe how the 
switching system behaves. 

Figure 5, presents two of the reference signals. The first 
one defines the sine signal for the foot vertical position and the 
second the ground position which was made to look like a 
descending stair. The third signal that defines the robot 
position was not presented due to the fact that it was taken of 
value 0. Thus, one can observe that the foot reference position 
does not stop at the ground level, so that we can compute the 
force parameter due to the negative value of the proximity 
computed sensor. This was done only for the reason to present 
different cases that the robot can encounter. 
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Input Data 



Computations 



Output Data 




Fig. 4 The simulated switching system 



After the simulation was done, the output data provided by 
the simulated sensors is shown in figure 6, the top two 
diagrams. These signals are for proximity data and the 
computed force. The third diagram of figure 6 presents the 
switching data provided by the neutrosophic and fuzzy 
decision blocks. The full line represents the neutrosophic 
decision and the dashed line the fuzzy decision. Also, the 
decision to choose the kinematic control law is when the 
output value of the switching law is equal to 10 and for the 
dynamic control law we have chosen the 0 value. Before the 
neutrosophic decision is made, we had to compute the four 
parameters on which the neutrosophic switching is based. 
These parameters are presented in figure 7. 



One can observe that the value of the indeterminacy 
parameter is always 0 because the values provided by the 
sensors do not make our system to be in an unknown state. 

One can see how the value of truthiness, indeterminacy, 
falsity and contradiction varies according to the values of 
proximity and force sensors. Also, we have to point out that 
these values correspond to the level of truthiness, 
indeterminacy and falsity for choosing the dynamic control 
law, and the kinematic control law is chosen when the 
dynamic one fails to be selected. 



Foot Vertical Position 




Fig. 5 The reference signals for the robot foot and ground 
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Control type (10 = Kinematic Control; 0 = Dynamic Control) 




Fig. 6 The output data from sensors and the switching decisions 



After the neutrosophication phase, in which we computed 
the truthiness, indeterminacy, falsity and contradiction 
parameters, we have applied the classic Neutrosophic 
decision, described in this paper. After that, we have chosen 
the control law, by simply comparing the results of the 
truthiness, indeterminacy, falsity and contradiction parameters 
to each other, and obtained the first diagram from figure 8. 



Truth 




Fig. 7 Parameters after neutrosophication (Truthiness, Indeterminacy, 
Falsity and Contradiction) 



The second diagram of figure 8, shows the output of the 
fuzzy switching block in which the decision was made with 
the help of a threshold value of 0,5for the fuzzification values. 




Fig. 8 Output data of the two switching techniques 

After the contact has ended, the control law has been 
switched back from the dynamic control law to the kinematic 
control law. This was done at every step of the stairs. But, in 
comparison, the fuzzy based switching law did not behave like 
we wanted because it failed to switch to a dynamic control law 
for the first 3 steps, and after that, at the last 4 steps the robot 
has taken, it commuted the control laws too late to be efficient. 

The main conclusion that can be drawn is that the 
neutrosophic technique behaves really well in different 
conditions of uncertainties, that can occur during the robot 
motion, due to the errors form the sensors or uneven ground 
surface in the case of the force sensor. 



As one can see from figure 8, the neutrosophic based 
switching law has commuted from the kinematic control law 
to the dynamic control law when the robot foot was near and 
then in contact with the support surface. 



Further work will focus on implementing this switching 
technique on a simulation of a walking robot in which one will 
be able to see how the switching in influencing the motion of 
the walking robot. And after that, the second step will be to 
implement it on a real robot. 
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